The rate of incorporation of 5-fluorouracil into complementary strands of replicating RNA of fowl plague virus (FPV) has been studied. The efficiency of incorporation was estimated by determination of the reversion frequency in Smutants with known types of base transitions in the RNA of the virus particle. It was established that maximum incorporation of 5-fluorouracil into progeny virus particle RNA took place between 2 and 4 h after infection. The maximum incorporation of the mutagen into complementary RNA (plus strands) occurred when the cells were exposed to 5-fluorouracil from I to 2 h after infection.
INTRODUCTION
The application of biochemical methods in virology has allowed studies of the rate of synthesis of complementary strands and replicative intermediates of RNA for many RNA viruses (Blair & Robinson, 1968; Baltimore, 1969; Kingsbury, I97O ) . However the application of the same biochemical methods in studies of orthomyxoviruses has met with some difficulties. These are connected with biological peculiarities of these viruses and in particular the dependence of virus reproduction on host genome transcription prevents the use of selective inhibitors of host RNA synthesis during the first hours of infection, e.g. actinomycin D (Scholtissek, Drzeniek & Rott, 1969) . Nevertheless a careful biochemical investigation of the rate of synthesis of total RNA, double stranded RNA as well as complementary strands, threw light on the mechanism of FPV replication (Scholtissek & Rott 197o) .
In the present work an attempt to investigate the mechanism of orthomyxovirus replication was undertaken by genetic methods. For this purpose we studied the rate of 5-fluorouracil (5-FU) induced reversions throughout the cycle of reproduction of S-mutants of FPV, whose base transitions in virion RNA had been identified previously (Germanov & Parasiuk, I972) .
On the basis of peculiarity of the mechanisms of 5-FU induced mutagenesis one may suppose that the reversions of S-mutants that have the transition of U to C in virion RNA are possible only as a consequence of 5-FU incorporation in place of C in appropriate (previously altered as the result of forward mutation) site of the progeny virion RNA (base pairing error). On the contrary, the mutants with transition of A to G in virion RNA can be reverted by 5-FU only as a result of 5-FU incorporation in place of C in an appropriate site of RNA complementary to virion RNA. Replacement of U and C by 5-FU in any other sites of both complementary strands would lead to the second mutation in this kind of mutant and probably to pseudoreversions. 
METHODS
Viruses. Small-plaque (S-) mutants of FPV were used. The plaque size of these mutants depended on the presence of polycations in the agar overlay. All of them differed from the original strain (S +) in chromatographic pattern on DEAE-cellulose columns (Germanov, Sokolov & Parasiuk, 1972 ) . Mutants 2 and 572 were identified as the result of a transition of A to G in virion RNA. They reverted when treated in vitro with ethylmethansulphonate but not with O-methylhydroxylamine, hydroxylamine and nitrous acid. They reverted also by treatment in vivo with 5-FU that excluded transversions as the reason of forward mutation. The mutants IO and 224 are considered to arise as a result of transition of U to C in virion R N A since they were effectively reverted in vitro by O-methylhydroxylamine, hydroxylamine and nitrous acid but not by ethylmethansulphonate (Germanov & Parasiuk, 1972) . Mutant 4I I probably contains a transition of C to U since it did not revert in vitro with O-methylhydroxylamine, nitrous acid and ethylmethansulphonate but reverted in the treatment with 5-FU in vivo. Mutant 506 has a transition of G to A in virion R N A since it is reverted in vitro only by nitrous acid.
The induction o f reversions. Monolayers of chick embryo cells were inoculated with the FPV mutants studied at an input multiplicity of o.I or I p.fiu./cell. The adsorption proceeded for 2 h in the presence of 50 #g/ml of cycloheximide at 18 °C. Then the cells were washed three times and incubated at 37 °C. The maintenance medium (Hanks solution with o'5 ~ lactoalbumin hydrolysate) did not contain uracil. Starting from o, I, 2, 3, 4, and 5 h after the end of the adsorption period 5-FU was added up to the concentration of Io -3 M. After I h of exposure medium containing 5-FU was replaced with medium I99 containing IO -2 M-uridine and cytidine. The incubation at 37 °C lasted 8 h and after an additional cycle of infection in the absence of mutagen the virus was assayed for reversions. The selection of revertants and estimation of the induction rate was done by means of chromatography on DEAE-cellulose columns. We have already described this technique in detail (Germanov et al. 1972) . It is based on the difference in chromatographic pattern of the wild type FPV (S +) and S-FPV mutants stimulated with polycations. The following equation was used to calculate the reversion frequency
where S+/(S ÷ + S-) is the ratio of large plaques to total plaques in the o.2 M-NaC1 eluate; T1xV 1 is the total number of p.f.u./o-2 M-NaC1 eluate; T2xV~ is the total number of p.f.u./o.6 M-NaC1 eluate; and F = 4. It is necessary to note that there was no problem in distinguishing plaques produced by revertants and the mutants because of marked difference in their size (Fig. I ).
RESULTS
The pattern of reversibility of the mutants 2 and 572 markedly differed from that of the mutants io and 224. The maximal mutagenic effect of 5-FU for mutants 2 and 572 was observed in the interval from I to 2 h into the reproduction cycle. The reversion rate of the mutant 2 was 3"0 x io -4 against the background of spontaneous reversions of 2. 9 x IO-5. During the first hour of incubation of mutant 2 the mutagenic efficiency of 5-FU was also high (Fig. 2 , Table 0. In the interval from 2 to 3 h into the reproduction cycle the The mutagenic effect of 5-FU in the mutants IO and 224 was less obvious. The maximal rate of reversion was 9"8 × IO -5 for mutant 1o and 6"9 × 1o -5 for mutant 224 against the background of spontaneous reversion I'5 × IO -5 and 8.0 × IO -6 respectively. But the main difference was the time pattern of susceptibility of the mutants IO and 224 to 5-FU. During the first 2 h of reproduction 5-FU did not show any significant mutagenic effect. Two to 3 h exposure to 5-FU resulted in a significant rise in reversion frequency. The maximal induction of reversions was from 3 to 4 h of the reproductive cycle; later the effect of 5-FU decreased. Thus it appears that the dynamics of induction of reversions during one cycle of reproduction of FPV mutants depend on the type of transition which causes the direct mutation. This conclusion was supported by the results of the next experiments.
Using the same method we have studied the pattern of reversibility of the mutants 4I I and 5o6 that had a transition of C to U and G to A respectively. N-oxycytosine (5o/zg/ml) was used as inducer of reversions. It was shown that the mutant with transition of purine to purine in virion RNA reverted maximally after treatment with this modified pyrimidine Revertants" ++ Elution pattern from DEAE-cellulose column. § The N-ase inhibition test was performed as described by Paniker 0968).
(Germanov tion cycle, but unfortunately the efficiency of reversion of the mutant 506 was low (Fig. 3 , Table 2 ). On the other hand the mutant with transition of pyrimidine to pyrimidine in virion RNA (4I I) reverted very efficiently from the second hour of the growth cycle on ward. The maximal rate of reversion was registered after exposure to N-oxycytosine in the interval from 3 to 4 h after the start of the reproduction cycle. We were interested in finding out whether secondary mutations influenced the reversion rates in the mutant tested. There are two main ways of distinguishing between true revertants, caused by back mutation in the previously altered site, and pseudorevertants, caused by a second mutation. The first one is based on crosses between the wild type virus and presumptive revertants. The segregation of mutants as a result of the crosses would reflect the secondary nature of the reverse mutation. The second one is based on the studies of the 
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287 peculiar properties of revertants in comparison with wild type virus. It is known that the second (supressor) mutation would never restore the properties of wild type virus completely. Taking into account this assumption we studied the restoration of some properties (plaque size, polycation-dependence, chromatographic pattern on DEAE-cellulose, immunological specificity of neuraminidase) previously changed by forward mutations in the neuraminidase gene (Germanov et al. I974) . The data of Table 3 show that all randomly selected revertants of the mutants used in our experiments have the same properties as the wild type virus. If pseudoreversions really took place their frequency would be more than 5 times less than that of true revertants. These results lead us to conclude that second mutations do not play a significant part in the restoration of wild (pseudowild) phenotype in our test-system. Further experiments on this subject, which will be published shortly, showed that this test allows the detection of pseudowild revertants but their frequency is low.
DISCUSSION
Mutagenic effect of 5-FU has been shown with many RNA viruses (Cooper, I964; Ikegami & Gomatos, I968; Gharpure, Wright & Chanock, I969; Tan, Sambrook & Ballett, ~969; Flamand & Pringle, I971) . The molecular mechanisms of mutagenesis induced by 5-FU are probably analogous to those of mutagenesis induced by 5-bromodeoxyuridine in models containing DNA (Freese, I959) . Taking into account the current ideas about the mechanisms of transitions induced by the base analogues in virus containing singlestranded virion RNA, one may postulate that reversions induced by 5-FU in the mutants of FPV having the transition of A to G are possible only as a result of erroneous incorporation of mutagen instead of cytosine in the mutant site of RNA complementary to virion RNA. Similarly, a mutant of FPV having the transition in virion RNA of U to C will be able to reverse under the effect of 5-FU only if the mutagen is erroneously incorporated in the place of cytosine in the newly synthesized virion RNA.
We studied the dynamics of reversion rates induced by 5-FU in the mutants IO and 224 with transition of U to C in virion RNA and the mutants 2 and 572 with transition of A to G. If the dynamics of reversion rates really reflect the rate of incorporation of the mutagen into the mutant site then the data of our experiments would suggest that the synthesis of RNA, which is complementary to virion RNA and serves as a template for formation of progeny virion RNA, starts during the first hour of incubation and reaches its peak at the second hour. This fact should be emphasized because we used a technique which, unlike the biochemical methods, permits us to determine dynamics of the synthesis of those strands, which are the templates for the synthesis of progeny virion RNAs. The synthesis of RNA molecules used only for translation is not registered by this technique.
With mutants Io and 224 we did not observe the induction of reversions during the first 2 h of the virus growth cycle. The maximal mutagenic effect took place when the period of exposure occurred during the interval from 3 to 4 h and then the mutagenic effect gradually decreased. Since the 5-FU-induced reversions in these mutants were associated with erroneous incorporation of the mutagen into progeny virion RNA the dynamics of reversion rates would reflect the dynamics of synthesis of progeny virion RNA. This conclusion is true only if the progeny virion RNA does not serve as a template in the course of this cycle. If it does, the formation of back mutant clones originating from progeny virion RNA templates would obscure the formation of the revertants produced by direct incorporation of the mutagen into virion RNA. In this case we would obtain a high rate of reversions-at early steps of the reproduction cycle. On the basis of our data we are inclined to suggest that replication of FPV is not geometric at any stage of the growth cycle but proceeds through a stamp mechanism.
It is necessary to emphasize that we estimated the rate of the synthesis of complementary strands by the efficiency of incorporation of 5-FU into the place of cytosine in the mutant site. At the same time the incorporation of the mutagen in the other sites of any complementary strands of viral RNA did not interfere with the dynamics of reversion. Such incorporation could lead only to secondary mutations but not to true reversions. Indirect data suggest that, in the system studied, double mutations did not play a significant part in the reversibility of the mutants.
